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During organ morphogenesis, cells of each tissue are responsible for secreting
extracellular matrix proteins that form the scaffold upon which the parenchyma forms1.
Among them, fibronectin remains a crucial protein not only for structural maintenance
but also for many facets of cell survival including signaling, metabolism, and
migration2. Binding of cellular integrins to fibronectin in the cell’s external
environment can elicit a myriad of responses within the cell.

Live-imaging results have shown that the transfections performed were successful in
producing cell lines capable of expressing fluorescently-labelled fibronectin. The GFPlabelled fibronectin has a mesh-like appearance and forms a fibrillar net that cradles
each cell within a larger web.

The successful creation of fluorescently-tagged fibronectin is an important landmark in
visualizing fibronectin assembly. Live imaging shows that cells are capable of surviving
and thriving with the bioengineered fibronectin which allows for characterization of the
fibronectin assembly without disturbance. The fact that the tagged fibronectin behaves
similarly to normal fibronectin means that future experiments delineating the
mechanisms behind the assembly of the labelled fibronectin can be broadly applied to
normal fibronectin functionality.

The CRISPR-Cas9 system is an exciting new tool that allows for direct manipulation of
a cell’s genetic makeup. Cas9 is a nuclease that can be guided to cleave at specific sites
within a genome followed by DNA repair mechanisms that incorporate exogenous DNA
segments. Using this system, DNA encoding a fluorescent protein such as GFP can be
inserted within the sequence of genes encoding extracellular matrix proteins. This
process allows visualization of proteins like fibronectin throughout the entire course of
their intracellular conception, export, and extracellular mechanisms.

Objectives
Surprisingly, the mechanisms of fibronectin assembly remain largely unknown. This
project aims to elucidate the process by which fibronectin assembles through
fluorescent labeling. Fluorescent tags allow for the visualization of fibronectin to clarify
how this extracellular matrix protein may influence migration and signaling.

Methods

Figure 1. Imaging of GFP-fibronectin and scarlet-fibronectin. Fibronectin is
visualized with GFP in MEFs (left), with scarlet in MEFs (center), and with scarlet in
endothelial cells (right).
Time-lapse capture of the cells demonstrates the dynamic movement of fibronectin.
Round vesicles can be seen leaving the cell during exocytosis of the labelled fibronectin.
Massive endocytosis of fibronectin can also be seen during cellular migration and
division when the cell must remove its extracellular adhesions in order to move freely.
Additionally, the intercellular interaction of fibronectin is emphasized during cellular
apoptosis when dying cells lose adhesion to the glass bottom of the plate and are
promptly pulled in by surrounding cells within the same fibronectin network.
Antibody staining for fibronectin and GFP displays co-localization of signal (Figure 2).

Synthesis of GFP construct
The first step was to create a plasmid containing GFP flanked by sequences homologous
for specific regions of the fibronectin gene. During transfection, CRISPR-Cas9 provides
site specific double-stranded breaks in the fibronectin gene, and the homologous
sequences flanking GFP act as guides for GFP integration into the fibronectin gene. Two
adjacent sequences in the C-terminus of the fibronectin gene were isolated from a
normal mouse genome at the desired site of GFP integration. GFP along with the two
C-terminus fibronectin sequences were joined together and inserted into a plasmid
vector using Gibson assembly.

Future Directions
Future experiments involving GFP-fibronectin include co-transfection with a
fluorescence label for integrin proteins using the same CRISPR-Cas9 format. By
forming a cell line that expresses both labelled fibronectin and integrin with different
colors, imaging will allow for characterization of the interaction between two proteins.
Most importantly, it would be interesting to observe whether these proteins co-localize
within the same vesicles and whether they are exocytosed in a pre-assembled manner.
Future work with newer fluorescent proteins may also afford additional flexibility in
studying fibronectin. Dendra2 is a green fluorescent protein that can be induced to
become red. Dendra would allow for focal visualization of fibronectin entirely from
translation to exocytosis and beyond. (Fig. 4)
Overall, the imaging of fibronectin has already provided fascinating insights into the
extracellular fibronectin environment of cells during different stages of cell life and
migration. These observations will aid in the understanding of extracellular matrix
organization and the mechanisms underlying the signaling and migratory patterns for
which fibronectin is crucial.

Figure 2. Immunostaining for fibronectin and GFP. (A) Antibody stain for
fibronectin (red), (B) antibody stain for GFP (green), and (C) co-localization of signals
validating the success of fibronectin-GFP fusion.

Figure 4. Future experimental directions using specialized fluorescent tags
and concurrent visualization of multiple extracellular matrix proteins.

References

Transfection of mouse embryo fibroblasts
A CRISPR-Cas9 plasmid with fibronectin guide RNA as well as the previous GFP construct
were used to transfect mouse embryonic fibroblasts (MEFs) and endothelial cells via a
Nucleofector II (AMAXA) kit. GFP and fibronectin specific antibodies were used to
ensure validity of fibronectin-GFP production by transfected cells and to compare
morphology with normal MEF cell lines. (Fig. 2)
Imaging of transfected MEF cell lines
The GFP-fibronectin MEF cell lines were then live-imaged for 12 hours using a confocal
scope with a laser set to 395 nm to visualize generation of GFP-fibronectin. (Fig. 1)

One interesting observation using live-imaging was the dynamic alteration of
extracellular fibronectin during different cellular processes. While fibronectin seemed
to be in a constant state of import and export, certain cellular events caused great
alteration in this steady state. One such imbalance occurred during cell division as well
as migration. During these processes, the cells seemed to rapidly reuptake fibronectin.
This suggests a massive change in cell adhesion as cells need more flexibility when
dividing and migrating. Additionally, cellular adhesion was lost during apoptosis.
However, dying cells did not reuptake surrounding fibronectin as much as it appears
that their associated fibronectin network was weakened and endocytosed by
surrounding cells. These processes, and more, are now able to be extensively analyzed
using the labelled fibronectin borne from this project.

Figure 3. Imaging of fibronectin-GFP MEF cells transfected with
fluorescently labelled actin. These images demonstrate the potential for imaging
multiple ECM proteins concurrently.
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